Rat liver glucokinase (ATP: D-glucose 6-phosphotransferase; EC 2.7.1.2) differs substantially from other hexokinases (ATP: D-hexose 6-phosphotransferase; EC 2.7.1.1) both in structure and in kinetic behaviour. Its molecular mass of 48 kDa (Holroyde et al., 1976 ) is about half the values of 96-98 kDa reported for the other rat isoenzymes (Holroyde & Trayer, 1976; Wright et al., 1978) , and unlike them it shows positive co-operativity with respect to glucose (Niemeyer et al., 1975; Storer & Cornish-Bowden, 1976) and is insensitive to inhibition by glucose 6-phosphate (Storer & Cornish-Bowden, 1977) . Its properties have been reviewed more fully elsewhere (Pollard-Knight & Comish-Bowden, 1982) .
The main kinetic interest in glucokinase lies in its co-operativity, an unusual property in a monomeric enzyme (Holroyde et al., 1976; Cirdenas et al., 1978) with only a single active site (Connolly & Trayer, 1979) . Efforts to explain this co-operativity in terms of a mnemonical mechanism (Storer & Cornish-Bowden, 1977) have received support from isotope-exchange experiments (Gregoriou et al., 1981a) : steady-state experiments indicated a compulsory order of substrate addition and product release, with glucose bound first and glucose 6-phosphate released last, as required by the mnemonical mechanism; equilibrium isotopeexchange experiments confirmed that interconversion of ternary complexes could not be rate-limiting, but suggested that the complete mechanism might be t To whom reprint requests should be addressed. somewhat more complex than a simple mnemonical mechanism, with some degree of randomness in the order of addition of substrates, as proposed by Cirdenas et al. (1979) .
None of the proposals to account for the unusual kinetic behaviour of glucokinase require any fundamental difference in chemistry from the reactions catalysed by the other hexokinases, and indeed it is likely that the structural differences may be more apparent than real. The close similarity in amino acid composition between glucokinase and the muscle isoenzyme hexokinase type II (Holroyde & Trayer, 1976) suggests a degree of sequence similarity of the order of 85% (Cornish-Bowden, 1977) .
Thus, although hexokinase type II is also a monomeric enzyme, it may resemble a dimer of glucokinase, in the sense that its sequence may comprise two similar halves, of which one has retained a catalytic site, whereas the catalytic site of the other has evolved into an allosteric site (Trayer, 1981) . If this is correct one would expect the chemical mechanism of glucokinase to be essentially the same as that of the other hexokinases. Partial confirmation has come from the observation that glucokinase is specific for the fly-bidentate complex of MgATP2-with the A screw sense (Darby & Trayer, 1981) . in common with yeast hexokinase (Cornelius & Cleland, 1978) . Moreover, flux-ratio studies of hexokinase type II show the same order of addition of substrates and release of products as that found to predominate for glucokinase (Gregoriou et al., 1981b) . The interconversion of ternary complexes appears to be rate-limiting for hexokinase type 11, 0306-3275/82/020421-03$01..50/1 ( 1982 The Biochemical Society Vol. 20 1 however, whereas it is not for glucokinase, in support of the idea that apparently qualitative differences in kinetic behaviour can be the result of quantitative differences in the rate constants of a common mechanism.
We now report further evidence of a unity of chemical mechanism between glucokinase and the other hexokinases, in the form of a determination of the stereochemical course of phosphoryl transfer catalysed by glucokinase. Information of this kind has not previously been available for any mammalian hexokinase, but yeast hexokinase provides a basis for comparison: it has been shown to catalyse phosphoryl transfer with inversion of configuration at phosphorus .
Materials and methods Glucokinase
The enzyme was purified to a specific activity of 1 7,ukat/mg of protein by the methods described previously (Holroyde et al., 1976 (70,umol) . {Some unused adenosine 5'-y(S)-160, 170, '80ltriphosphate (40,umol) was also recovered from the column.} Treatment with Dowex 50W (H+ form) resin in aqueous solution followed by filtration and evaporation under reduced pressure gave D-glucose 6-f 160,170,180 lphosphate. Dry dioxan was added. followed by a solution of tri-n-octylamine (70,umol) in dry dioxan. Methanol was added to assist formation of the salt. The solvent was removed and the D-glucose 6-f 160,170,1801_ phosphate mono-tri-n-octylammonium salt was thoroughly dried by the addition and evaporation of several volumes of dry dioxan.
A nalvsis of the chiralitv at phosphorus of D-glucose 6-1 '60,170,'80]phosphate This was performed as described previously for D-glucose 6-1 (S)-160,70,O'80lphosphate (Jarvest et al., 1981) .
Results and discussion D-Glucose 6-I160,'70,'80lphosphate obtained from the glucokinase catalysed reaction between adenosine 5'-I y(S)-160,170,180 Itriphosphate and Dglucose was cyclized and methylated as previously described (Jarvest et al., 1981) . The axial triester is always the predominant diastereoisomer formed, and, as noted previously, the ratio of axial to equatorial triester is rather variable (Jarvest et al., 1981) . In this analysis satisfactory spectral data could be obtained for the isotopically labelled axial triesters only, but these gave an unequivocal indication of the stereochemical course of the reaction. The observed relative peak intensities are compared in Table I with the expected values for phosphoryl transfer with retention and inversion of configuration. The excellent agreement with the values calculated for inversion, but not with those for retention, shows that the glucokinase-catalysed (Rose, 1980 (Gregoriou et al., 1981a,b) .
This unity of chemical mechanism, together with the absence of a sufficient specific difference between glucokinase and other hexokinases (Ureta et al., 1979; Pollard-Knight & Cornish-Bowden, 1982) .
indicates that glucokinase ought to be regarded as a hexokinase isoenzyme, within the classification EC 2.7.1.1. and that the use of a different name and classification is not justified.
